The early diagnosis of human immunodeficiency virus (HIV) infection in infants is critical to ensure the initiation of treatment before significant immunological compromise. Each year an estimated 300,000 HIVexposed infants in South Africa require access to tests for the diagnosis of HIV infection. Currently, testing is performed at several facilities by using PCR amplification of HIV DNA at 6 weeks of age by the use of dried blood spots (DBSs) and whole blood (WB). The Gen-Probe Aptima HIV type 1 (HIV-1) screening assay (the Aptima assay) is a qualitative nucleic acid test based on transcription-mediated amplification (TMA), a technology routinely used in blood banks in South Africa. The performance characteristics of Gen-Probe's TMA technology compared well to those of the Roche Amplicor HIV-1 DNA (version 1.5) assay. The sensitivity of the assay with WB and DBS samples was 100%, and the specificities were 99.4% and 99.5% for DBSs and WB, respectively. The detection of HIV by the Aptima assay at greater levels of dilution in samples negative by the comparator assay indicates an improvement in sensitivity by the use of the TMA technology. The ability to process 1,900 samples in a 24-h period on the Tigris instrument makes the Aptima assay an attractive option for high-volume, centralized laboratories.
Most human immunodeficiency virus (HIV)-infected infants reside in sub-Saharan Africa
. Disease progression is generally rapid, and that rate of mortality among infected infants is high (1) , with more than half of infants dying within the first 2 years of life (12) . Recent studies have revealed the importance of early intervention with antiretroviral treatment before significant immunological deterioration, reinforcing the need for the early diagnosis of HIV infection (22) . The persistence of maternal antibodies against HIV in exposed infants up to 18 months of age prevents the use of the enzyme-linked immunosorbent assay for the early diagnosis of HIV infection. Thus, approaches to the early diagnosis of infection in infants have included ultrasensitive heat-denatured p24 antigen quantitation (4, 16, 23) and nucleic acid amplification techniques that target HIV DNA (15) , RNA (14) , or total nucleic acid (3, 10, 18) , most commonly with samples obtained at 6 weeks of age. It has also been established that the collection of blood as dried blood spots (DBSs) improves access to tests for the early diagnosis of HIV infection among infants in resource-limited settings (2, 17) .
South Africa bears an enormous burden of individuals infected with HIV, with an estimated prevalence of 28% in an antenatal clinic in 2007 (11) . Over 1 million births are recorded annually, which translates into an estimated 300,000 HIV-exposed infants requiring access to early testing. Testing is performed in a limited number of laboratories nationally by using PCR amplification of HIV DNA from DBSs and whole blood (WB) collected at 6 weeks of age. The platform most widely used in the public health sector is the Roche Amplicor HIV type 1 (HIV-1) DNA (version 1.5) assay (the Roche Amplicor assay) with manual or automated extraction with the Roche MagNaPure analyzer (19) . Recently, the new Cobas Ampliprep/Cobas TaqMan assay option has been evaluated as a means of improving throughput and reducing the need for user intervention (18) .
To further address automation issues and to investigate the use of total nucleic acid detection for the diagnosis of HIV infection in infants, the Gen-Probe Aptima HIV-1 screening assay (the Aptima assay; a derivative of the Procleix Ultrio assay blood donor screening test used in South African blood banks; Gen-Probe, Inc., San Diego, CA) was investigated. Nucleic acid amplification assays were widely implemented by U.S. blood banks as early as 1999 (6, 20) and were implemented in South Africa, by use of the Procleix Tigris system, in 2005 (7) . Two versions of the assay exist: the Procleix Ultrio assay (Chiron, Emeryville, CA; Gen-Probe) for screening for HIV-1 RNA, hepatitis B virus DNA, and hepatitis C virus RNA for testing of human donor blood and the discriminatory assays specific for each infection (5, 9) . Screening is generally conducted with the Ultrio assay, and confirmation of any positive result is done with the respective discriminatory assay (7) . Both assays are qualitative tests based on nucleic acid technology and transcription-mediated amplification (TMA) and, in the case of HIV detection, target two regions of the HIV-1 genome. The Procleix Ultrio assay has FDA approval for the detection of HIV-1, hepatitis B virus, and hepatitis C virus in plasma and serum specimens from human donors. In addition, the same technology (Aptima HIV-1 RNA qualitative assay; Gen-Probe) has FDA approval for use for the diagnosis of acute HIV-1 infection.
The study described here investigated the novel use of the Aptima assay (a derivative of the Procleix HIV-1 discriminatory assay) and its application for high-throughput testing with the Tigris instrument for the early diagnosis of HIV infection in infants by the use of WB and DBSs.
MATERIALS AND METHODS
Sample population. WB samples in potassium EDTA (n ϭ 500) sent to the HIV PCR laboratory at the Charlotte Maxeke Academic Hospital (previously the Johannesburg Hospital), Johannesburg, South Africa, for assay for the routine diagnosis of HIV-1 infection in infants by the Roche Amplicor assay were randomly selected for this study. The venous blood samples selected had been collected, on average, between 2 and 7 days earlier.
For DBS analysis, 500 DBSs were selected. These DBSs had been collected and stored at room temperature for 8 to 10 months for a previous analysis that compared the performance of the Roche Amplicor assay and the Cobas Ampliprep/Cobas TaqMan total nucleic acid-based assay (18) .
Sample preparation for Aptima assay. Before they were tested, the WB samples (100 l) were diluted in 900 l reverse osmosis water in a sterile tube containing EDTA (EDTA tubes). The samples were then transported to the South African National Blood Service (SANBS) laboratories in Johannesburg, where the EDTA tubes were manually uncapped and loaded onto racks on the automated Tigris instrument. Positive and negative calibrators and controls were included in the assay kit and were prepared as indicated by the manufacturer before they were loaded onto the Tigris instrument racks.
The DBSs (diameter, 13 mm per spot), which had sample volumes that equated to between 50 and 70 l, were cut in half, and both halves placed in a tube containing 1.0 ml of specimen transport medium (the supplier's lysis buffer). The samples were incubated by using an elution program (four cycles consisting of 5 min of incubation at 95°C and 10 s of vortexing) on Gen-Probe's SB-100 instrument. Following incubation, the eluate from each sample was aliquoted into a sterile EDTA tube, transported to SANBS, and loaded onto the Tigris instrument, together with the assay calibrators and controls.
Procleix discriminatory assay. The Procleix discriminatory assay for HIV-1 was used to analyze WB and DBS samples according to the manufacturer's instructions. The Procleix discriminatory assays utilize the same three steps as the Procleix Ultrio assay (5), namely, target capture, TMA, and amplicon detection via the hybridization protection assay. Target capture involves a sample preparation step that releases viral RNA and DNA. The target is amplified by TMA with two enzymes, Moloney murine leukemia virus reverse transcriptase and T7 RNA polymerase. This is followed by hybridization to oligonucleotide probes with chemiluminescent labels; the probes are homologous to two separate highly conserved regions of the HIV-1 genome. The entire process is controlled by using an internal control, added at the target capture step, which can be distinguished from the target probe by using a different label. During detection, the chemiluminescent signal is measured in a luminometer and is reported as relative light units. An analyte signal/cutoff (S/CO) ratio is calculated for each sample by using a run-specific analyte cutoff value. An S/CO ratio of Ͼ1 is reported as a qualitative reactive result, and an S/CO ratio of Ͻ1 is reported as a nonreactive result.
Dilution studies with WB and DBSs. Dilution studies with WB and DBSs were performed in two parts. The first used 21 DBSs prepared by serially diluting WB into negative plasma before 50 l was spotted onto cards (Protein Saver 903; Whatman GmbH, Dassel, Germany). Negative plasma was obtained from the known HIV-1-negative plasma samples used in Gen-Probe's proficiency panel for the Aptima assay. The dilutions ranged from undiluted to 1:10,000 (n ϭ 10) and undiluted to 1:100,000 (n ϭ 11). Both the Roche Amplicor and the Aptima assays were performed with this DBS dilution series. The second part used 10 WB samples prepared in dilutions that ranged from undiluted to 1:100,000 and DBSs prepared from those dilutions. This dilution series was used to compare the WB dilutions to the DBS dilutions and was tested only by the Aptima assay. All diluted WB samples used 100 l, to which 900 l reverse osmosis water was added. One spot for each DBS was punched and processed as described above from the most diluted to the least diluted samples to reduce the risk of crossover contamination.
Statistical analysis. Both the test assay (the Aptima assay) and the reference/ comparator assay (the Roche Amplicor assay) generate discrete reportable results (either HIV positive or HIV negative, based on defined cutoff values). The results of the Roche Amplicor assay were taken as the reference and therefore the correct result against which the result of the Aptima assay was compared for calculation of the sensitivity and the specificity (including confidence intervals).
This was performed by using the VassarStats online calculator (http://faculty .vassar.edu/lowry/clin1.html). A scatter plot presents the S/CO ratio values (continuous variable) for DBS and WB results from the Aptima assay only.
RESULTS
Of 500 WB samples referred for testing, 481 were available for analysis. Seventeen samples were not tested by the Roche assay due to poor sample integrity (they were clotted), one sample showed inhibition by the Roche Amplicor assay, and another sample had an internal control failure by the Aptima assay. The number of samples with reactive results by the Roche Amplicor assay was 72 (14.9%), and the number of samples with nonreactive results was 409 (85%). The sensitivity of the results of the Aptima assay were found to be 100% (Table 1) . Two samples nonreactive by the Roche assay yielded reactive reportable values by the Aptima assay, making the specificity 99.5%. The S/CO ratio values for these discrepant samples were Ͻ15, with a clear separation between S/CO ratio values for reactive samples (Ͼ10) and nonreactive samples (Ͻ1), as shown in Fig. 1 .
Of the 500 DBSs prepared, 494 samples could be analyzed on both assay platforms. Six samples were excluded from the analysis because three were inhibited by the Roche Amplicor assay and three did not generate results by the Aptima assay and were flagged by the Tigris instrument as having insufficient volumes. According to the reference assay (the Roche Amplicor assay), the reportable results (considered the correct result) indicated that 151 (30.5%) samples were reactive and 343 (69.4%) samples were nonreactive. Four samples generated equivocal results (defined in the laboratory as absorbance values between 0.2 and 1.5) by the Roche Amplicor assay, but the assay was repeated and the result was negative (S/CO ratio, Ͻ0.8). The results for these samples were then included in the statistical analysis as negative results. The sensitivity of the Aptima assay compared to the results of the Roche Amplicor assay for the study with DBSs (n ϭ 494) was 100%, as shown in Table 1 . The specificity of the Aptima assay with DBSs compared to the results of the Roche Amplicor assay was 97%, with the results for 10 samples reactive by TMA being discrepant with the results by their comparator Roche Amplicor assay, by which they were negative. These results are presented in Fig. 1 . Retesting of these samples by the Aptima assay yielded nonreactive results for eight samples and reactive results for two samples. This improved the specificity of the Aptima assay compared to the results of the Roche Amplicor assay to 99.4%. Among the 10 samples with discrepant results, 1 sample had an S/CO ratio of 22.75 (which on duplicate repeat testing yielded nonreactive results and S/CO ratios of 0.2 and 0.18) and 9 samples had S/CO values that ranged from 1 to 10.48. The S/CO ratio values for the samples with reactive results by the Roche Amplicor assay had S/CO values that were Ͼ10 for all except one sample, which had an S/CO ratio of Ͼ6 (Fig. 1) . This is lower than the value of Ͼ15 obtained with the WB samples. Table 2 lists the results and S/CO values obtained by retesting by the Aptima assay for the 10 discrepant samples. Two samples invariably produced reactive results on retesting but yielded S/CO ratio values that were Ͻ5. Evaluation of the sequence in which the DBS samples were prepared showed that only four samples with discrepant Aptima assay reactive results had samples next to them that were confirmed to be reactive. The remaining discrepant samples were randomly distributed in relation to the locations of the other reactive samples.
Comparison of the results by the Roche Amplicor assay and the Aptima assay for the diluted DBS samples showed that six (28.5%) samples generated reactive results by the Aptima assay that were 1 log unit more sensitive than the result obtained by the comparator assay and that four (19%) samples generated reactive results by the Aptima assay that were 3 log units more sensitive. The comparison of the results obtained with WB and DBSs for the same samples tested only by the Aptima assay showed that 6 of the 10 samples yielded equivalent values at all dilutions. The lowest S/CO ratio value generated from WB was 1.87, and the lowest S/CO ratio value generated from DBS was 4.13. Although the results were not consistent for all 10 samples, the majority of the values for DBSs were less than those for WB.
DISCUSSION
This study represents the first evaluation of the Gen-Probe Aptima assay performed with the automated Tigris analyzer. The results obtained with Gen-Probe's TMA technology (the Aptima assay) compared well to the results of the Roche Amplicor assay with WB and DBSs for the early diagnosis of HIV-1 infection in infants in South Africa. The sensitivity of the Aptima assay obtained with WB and DBS samples was 100%, and the specificities were 99.4% and 99.5% with DBSs and WB, respectively. The detection by the Aptima assay of HIV-1 at greater levels of dilution in samples negative by the comparator assay indicates that an improvement in sensitivity   FIG. 1 . Scatter plot of the results for the WB and DBS samples for comparison of the Aptima assay and the Roche Amplicor assay results. The vertical axis is the S/CO ratio value from the Tigris platform, and the horizontal axis is the sample number sorted by samples with reactive and nonreactive results reported by the Roche Amplicor assay. The vertical line separates samples found to be negative and positive by the Roche Amplicor HIV-1 DNA assay. Two WB samples were reactive (S/CO ratio, Ͼ1) by the Aptima assay but nonreactive by the Roche Amplicor assay, with S/CO ratio values of Ͻ15. Ten DBSs were reactive by the Aptima HIV-1 assay and nonreactive by the Roche Amplicor assay. One sample had an S/CO ratio value of 22.75, and the remaining nine samples had S/CO ratio values of Յ10. The values for these samples obtained upon repeat testing are also shown in Table 2 . Nucleic acid-based assays for the diagnosis of HIV-1 infection in infants will remain a critical component of the new plan for the accelerated prevention of mother-to-child transmission of HIV-1 proposed by the South African National Department of Health. PCR testing will be used for the diagnosis of HIV-1 infection in individual patients. Those results will facilitate the earlier initiation of antiretroviral therapy and will be a key tool for monitoring the success of the program (e.g., the proportion of infants accessing a PCR test at 6 weeks of age).The greatest advantage of the Tigris platform in the South African context would be the facilitation of a significantly higher throughput for centralized testing facilities. Following work flow optimization, 1,900 samples can be processed on one Tigris instrument within a 24-h period. When 150 samples are processed, comparisons of the work flows with the Aptima assay and the Roche assay showed a 6-h faster turnaround time with the Aptima assay.
Investigations are under way to ascertain whether the S/CO ratio obtained by the Aptima assay could predict a semiquantitative viral load. A clear separation of S/CO ratio readings between a reactive result (S/CO ratio, Ͼ1) and a nonreactive result (S/CO ratio, Ͻ1) with WB samples is evident, but the separation is less clear for DBS samples. This was also evident from the results of the tests with the dilution series, in which the S/CO ratio values for many DBSs were less than the values for their corresponding WB samples. The S/CO ratios values for samples with discrepant results were less than 15 for WB and less than 10 for DBSs and were higher for all samples with concordant results. Repeat testing may thus be indicated for samples with S/CO ratio values below 15 for WB (1.45% of cases in this study) and below 10 for DBSs (2.2% of cases in this study). The feasibility of using a sensitive qualitative RNA test as a marker of viral suppression has recently been explored and requires further validation (13) . That study (13) found S/CO ratios similar to those found in the present study.
Further evaluation is required for the cases that showed discrepant results between the two assays. This is particularly relevant for those cases that were initially reactive by the Aptima assay and then negative by repeat testing of the same sample (Table 2 ). For cases that remained reactive on repeat testing, an enhanced sensitivity or subtype detection by the Aptima assay may need to be considered, and for those that were negative on repeat testing, the potential for contamination by the use of manual DBS sample preparation needs further investigation.
These preliminary data suggest that future studies are needed that include the evaluation of the performance of the Gen-Probe Aptima assay with samples from a pediatric cohort monitored longitudinally from birth until confirmation of the diagnosis of HIV infection at 18 months of age. This will establish a true "gold standard" for the detection of HIV infection to enable the comparison of assays, as well as allow investigation of whether testing could be implemented earlier than 6 weeks postdelivery. The use of this assay together with the automated processing of DBSs is also being investigated to further enhance throughput in a high-volume, centralized testing facility.
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